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The rate of blood flow through  the kidneys decreases during hemorrhage 
roughly in  accord with  the  decline of arterial pressure  (Rein and  Roessler, 
1930), but it is proportionately less affected than is the perfusion of either the 
intestines or extremities (Blalock and Levy, 1937).  Although diodrast clear- 
ance has been used as a  measure of the reduced renal blood flow of human 
beings  recovering from  severe  gastro-intestinal hemorrhage (Stevens, Schiff, 
Lublin, and Garber, 1940;  Black, Powell, and Smith, 1941)  its variations and 
their significance immediately after hemorrhage and during transfusion have 
not been tested.  The present study is  concerned with the measurement  of 
diodrast clearance and renal plasma flow, glomerular filtration rate, and rate 
of  urinary  secretion  in  anesthetized  dogs  during  various  stages  of  arterial 
hypotension due to bleeding, with observations of the effects on these of rapid 
blood transfusion as shock progressively develops.  The participation of nerves 
in the renal response to hypotension and  transfusion is examined in experi- 
ments on dogs previously subjected to renal denervation. 
Methods 
Healthy bitches were anesthetized by intraperitoneal administration of pentobarbi- 
tal sodium, 35 rag. per kilo body weight, small doses of which were repeated as needed 
to maintain light anesthesia  during the hours which followed.  One experiment was 
made on a normal dog (No. 1), three (Nos. 6, 7, and 8) on two animals which 3 years 
before had one kidney removed, and one kidney explanted subcutaneously by the 
method of Page and Corcoran (1940).  These dogs were in other ways normal.  In a 
fourth dog "mock" renal denervation had been done by lifting the kidneys from their 
beds one week before observation, at which  time also splenectomy was performed 
(No. 2).  In three more dogs  (Nos. 3, 4, and 5) thorough denervation of the renal 
pedicle had been done 7 to 10 days before the experiments were performed. 
In outline, the experiments with the exception of No. 8, consisted of about 30 min- 
utes for control observations, following which collection of urine was discontinued and 
the dog bled.  x  Arterial pressure was thus stabilized at about 60 mm. Hg during 20 or 
t Bleeding and  Infusion  of Blood.--A  eannula with side  tube was  tied into  one 
femoral artery and one aperture connected by rubber tubing containing citrate solu- 
tion to a mercury manometer for the kymographic record of arterial pressure,  while 
the other opening was lead by tubing to a sterile flask.  A positive pressure could be 
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30 minutes before observations were resumed.  After some 70 minutes of hypotension, 
the blood which had been withdrawn was rapidly introduced under pressure into the 
artery.  The observations were continued through the period of transfusion and the 
subsequent period of normal tension for about 60 minutes when they were interrupted, 
the dog again bled and arterial pressure brought to about 60 mm. Hg.  The infusion 
was given intravenously in Experiment 8 which was terminated before a second bleed- 
ing.  The  observations  were  resumed  during  the  second  hypotensive phase  and 
continued through another transfusion, given either into the femoral artery or vein. 
In two instances bleeding and transfusion were continued through a third course.  We 
are indebted to Dr. Kenneth G. Kohlstaedt for generous cooperation in these experi- 
ments and to Mr. Clifford Wilson for invaluable aid in their execution.  ~ 
The observations made include carotid arterial pressure (by mercury manometer), 
relative intra-auricular venous pressure (jugular catheter, water manometer), hemato- 
crit index (method of Wintrobe) and, in three experiments the concentration of plasma 
total protein  (by photocolorimetric adaptation of  the method  of Kingsley,  1942). 
Urine was collected through a soft rubber retention catheter by washing the bladder 
with physiological  saline at intervals measured to the nearest 0.25 minutes.  Diodrast 
and inulin were dissolved in physiological saline, containing 2 per cent sodium sulfate, 
and the solution was given by slow intravenous infusion.  The rate of infusion was 
varied in order to maintain the plasma diodrast concentration between 1 and 5 mg. 
per 100 cc. of plasma diodrast-iodine.  The plasma clearances were calculated from 
the concentration of diodrast and inulin in mixed urine and washings by reference to 
plasma concentrations interpolated from the observed values in the manner described 
for similar experiments by Corcoran and Page  (1939).  Extraction ratio (Er), i.e., 
relative renal arterio-venous difference, was similarly determined from the renal venous 
plasma concentration, and the renal plasma flow calculated. 
The determinations of inulin in plasma and urine were made by the method of Cor- 
coran and Page (1939)  while diodrast-iodine concentrations were found by a method 
induced within this flask by a rubber bulb pump lead into it through glass tubing ex- 
tending above the fluid level.  For bleeding, the clamp closing the tube to the flask 
was opened and, as blood flowed in, 2.5 cc. of 10 per cent sodium citrate solution were 
added per 100 cc.  of blood withdrawn.  The rate and extent of bleeding were con- 
trolled by adjusting the damp.  For infusion of blood, the pressure within the flask 
was increased to  the desired level in  relation to  existing arterial pressure and  the 
clamp opened on the tube leading from the flask.  Intravenous infusion was made 
through a cannula tied into the femoral vein, the connection of the tube from the flask 
having been changed.  In both infusions, the blood was passed through a  filter of 
fine metal mesh to avoid introducing small clots.  The rates of bleeding and infusion 
in  these  experiments are  recorded in  the  protocols.  A  detailed description of an 
application of these methods and illustration of the apparatus is given elsewhere by 
Kohlstaedt and  Page  (1943).  We are indebted to Dr.  K.  G.  Kohlstaedt for this 
present  description. 
2 These experiments are based on the techniques and principles detailed by Kohl- 
staedt and Page (1943)  in their study of hypotension due to bleeding and the effect 
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shortly to be published in full (Corcoran and Page, 1943)  a  short description of which 
is appended.  3  Creatinine clearance was observed in part of one experiment (No.  1) 
by adding creafinine to the infusion fluid and  estimating its concentration by the 
method of Folin as applied to the Evelyn colorimeter. 
Urine volume in cubic centimeter per minute was estimated from the volume of 
mixed urine +  washing recovered from the bladder, by reference to the known volume 
(usually 50 cc.) used in rinsing the bladder.  Almost complete bladder emptying can 
be obtained, but urine volumes of less than 1.0 cc. (roughly 0.1 cc. per minute in these 
experiments) cannot be measured in this manner. 
RESLTLTS 
Most of the observations made in ExperLments l  and 2 on normal dogs are 
shown in Fig. I  and those of Experiments 3, 4, and 5 on dogs with bilaterally 
denervated kidneys in Fig. 2.  Summaries of the procedures in these experi- 
ments are appended.  The observations made in Experiments 6,  7, and 8  on 
otherwise normal dogs, each  with a  single subcutaneously explanted kidney, 
are summarized in Tables I  to III.  The following comparison is drawn from 
the experimental results as they developed during the successive phases of the 
experiments. 
s Determination  of Diodrast-Iodine.-- 
1.  Protein precipitation.  To one volume of heparinized plasma are added 8 vol- 
umes of zinc sulfate solution (27 gm. ZnSO4, 30 cc. of 1 N H2SO4, 1 gin. of duponol PC 
in 1 liter of water; 10 cc. of the mixture should be neutralized to phenolphthalein by 
11.2 cc. of 0.15 N NaOH).  The plasma-zinc sulfate mixture is allowed to stand for 
30 minutes when a volume of 0.15 N NaOH equal to that of the zinc sulfate mixture is 
added dropwise and  the filtrate collected through a  Whatman No.  1 paper.  Such 
precipitation is not ordinarily necessary with urine samples because of the high dilu- 
tions used for analysis.  However, when gross proteinuria or hematuria is present, 
0.5 cc. of each of the precipitants are added to 1 or 2 cc. samples of urine and the 
mixture made up to the desired volume before filtration. 
2.  Oxidation.  To 10 cc. of plasma filtrate or urine dilution in a  colorimeter ab- 
sorption tube are added 0.2 cc. of 85 per cent  phosphoric acid and  1 cc. of bromine 
water.  The mixture is shaken until homogeneous and the tube placed in a boiling 
water bath for 3 minutes.  It is rapidly cooled in an ice bath and 1 cc. of  10 per cent 
sodium formate (10 gm. of sodium formate in 100 cc. of water) is added.  The solution 
is mixed and allowed to stand at room temperature at 20 to 30 minutes. 
3.  Colorimetry.  The colorimetry is done in the manner described by Flox, Pitesky, 
and Alving (1942)  with the following slight modifications: (a)  the reading is made 
exactly at 2 minutes after adding the iodide solution; (b)  plasma "blank" is deter- 
mined as routine in a  sample of plasma taken before administration of diodrast and 
the resultant value subtracted from that observed in the unknowns;  (c)  the  "center- 
setting" of the Evelyn apparatus is adjusted separately for each tube before addition 
of iodate; (d) the Nos. 400, 440,  and 490 light filters are necessary for the concentra- 
tion range used in clearance and TmD determinations. 208  ~rtrpoT~.NSrON 
I.  Con#ol  Periods.--The  observations  of  inulin  and  diodrast  clearances 
and extraction ratios in Experiments 1 to 5, and the calculated levels of renal 
plasma flow in Experiments 6, 7, and 8 did not significantly differ from values 
recorded in the unanesthetized state for these and other dogs. 
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duration of these phases and of the periods of observation. 
II.  First Bleed,ng.--Reduction  of arterial  pressure  to  levels  of  60  to  70 
mm. Hg and its maintainance at this level decreased plasma diodrast clearance 
at first by about 25 per cent and then to lesser fractions of its former level 
(Nos. 2, 3, 4, 5, 6, and 7).  At this level slight  changes of arterial pressure A. C. CORCORAN  AND IRVINE H. PAGE  209 
greatly affected clearance; a  decrease of only a  few millimeters  Hg might re- 
duce clearance to nearly zero and an increase of from 60 to 66 mm. Hg doubled 
the  rate of diodrast clearance  (Experiment  1).  The levels of inulin clearance 
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Course of experiments in 3  dogs with  denervated  kidneys,  o---o  Ex- 
The  conventions are 
followed those  of diodrast  but  at  somewhat  differing  rates,  and,  because  of 
these differences in rate of change, the directional changes in filtration fraction 
were  far  from uniform.  The  volume  of urine  flow  decreased  to 0.1  cc.  per 
minute or less. 
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TABLE  I 
Experiment 6.--14 Kilo Body Weight.  Uninephrectomized  and Right Kidney Subcutaneously  Explanted  in  1940. 
Diodrast Extraction Ratio at That Time, 0.8 to 0.82 
Period RPFv  RPF  ICv 
1. Control observation 
1  218  169  148 
2  (216)  (179)  146 
3  223  184  151 
II. First bleeding 
4  100  94  50 
5  65  90  31 
6  20.5  41  10 
H1. First infusion 
of blood 
7  480  138  239 
8  384  143  165 
9  381  179  143 
10  329  168  134 
IV. Second bleeding 
11  7  14  3.5 
12  9.4  14.3  4.5 
13  22.2  29.6  9.3 
V. Second infusion 
of blood 
14  341  212  !  124 
15  306  173  123 
16  200  182  92 
17  95  204  47 
C x  Err  Eri  FF  TP  H  P  UV  Time  Remarks 
39  0.68  0.23  0.26  6.1  52  144 
41  (0.68)  (0.23)  0.28 
42  0.68  0.23  0.27 
7.1  0.50  0.076  0.14  5.6 
4.8  0.47  0.054  0.15 
1.7  0.50  0.040  0.16  6.3 
24.5  0.49  0.178  0.10 
25.8  0.43  0.181  0.15 
30.4  0.376  0.168  0.21 
41.6  0.405  0.248  0.31 
6.1 
m/n. 
0.6  9.75  In this experiment, as in Experiments 7 
and 8,  blood withdrawn for analys 
was replaced at the time of reinfusic 
in port with another dog's blood prey 
ously  cross-matched with  the  bloc 
of this subject.  RPFv and  RPFz 
well  as  Ero  and Erx  interpolated 
period 2 
0.7  9  Two samples each of arterial and venm s 
blood,  3  samples of  urine.  Er's an 
RPF's of period 2 by interpolation 
0.7  10.5 
57  66-64-6~  * 
57  66-60-6~  0.1 
56  66-64-6(  * 
13.75  Bled 390 cc. in 6 rain. and smaller voinmes 
16  to  adjust  arterial  pressure.  Tot1 
25  volume bled,  including  blood sample 
524  cc.  to  the  end  of  period  6.  Inter~ 
between urine samples, 22.75  rain.;  4 
urine, 3 samples each of arterial  an 
renal  venous  blood 
52.5  66-104  0.65  11.75  530 cc. of blood given into femoralarter 
53.5  106  1.7  17.5  starting at 1 rain. in period 7 and co 
55  108  1.6  27.75  tinuing for 7 rain.  Four samples eac 
55  110  2.2  19  of  urine,  arterial,  and  renal  veno~ 
blood.  Infusion pressure, 100 ram. H g 
0.71  0.50  0.051  0.20  6.0  60-62  *  10 
0.87  0.48  0.061  0.19  53.5  62-72-6~  *  11 
1.63  0.417  0.055  0.18  5.7  66-66-62  *  13.5 
16.1  0.36  0.076  0.13  50  62-96 
23.9  0.41  0.138  0.19  5.6  100 
21.1  0.46  0.116  0.23  110-88:[ 
9.4  0.49  0.046  0.2  6.2  53  88-70 
Bled 330 cc. in 8 rain.; total blood loss 
end  of  period  13,  493  cc.  Interv~ 
between periods 10.25 rain.; 3 samph 
each  of  urine,  arterial,  and  rein 
venous blood 
0.5  ,  11.75  Total of 490 cc. of blood reinfused intrE 
2.1  16.5  arterially from 0.5 rain.  in  period 
1.2  21  during 8.4  rain. Four samples each 
0.5  22.5  urine,  arterial,  and  renal  venous  bloo 
Infusion pressure,  I00 ram. Hg 
The  following abbreviations are used in recording the  data:  Cv, plasma diodrast  clearance; Cx, plasma  inulin 
clearance:  all clearance values in  cubic centimeter  per minute.  FF,  filtration fraction, i.e.,  C~/Cn; TP,  plasma 
total protein content, gm. per 100 cc.; H, hematocrit index in per cent; P, representative values of arterial pressure 
mm.  Hg  during the  indicated period  of observation;  UV,  approximate  volume  of  urine output,  an  asterisk  (*) 
under this heading signifying a  volume  of less than 0.1  cc. per minute;  RPF9,  renal plasma flow from  Cv/Er v  in 
cubic centimeter  per minute,  where Ern is  diodrast  extraction  ratio;  RPFI,  renal plasma flow from  Ci/Erx, cu- 
bic centimeter per minute, where Er~ is inulin extraction ratio; where A  and V  represent respectively concentrations 
in arterial and  venous blood of either diodrast or  inulin,  Er  is calculated as A-V/A.  Time  in minutes indicates 
the duration  of  each period of urine collection.  The  observations of venous pressure are not recorded. 
:~ Arterial pressure fell to 88 ram. Hg in the last 3 min. of period 16. 
§ Venous blood sampled at 12.5 rain. in this period with arterial pressure about 80 mm. Hg. A. C. CORCORAN  AND  IRVINE H,  PAGE  211 
TABLE H 
Experim~t7 
RPFx  "~  ~  C v  CI  Er  D 
I. Control observation 
1  222  187  184 
2  237  206  182 
i 
3  ~246  (631)  167 
4  204  180  164 
54.3  0.826 
43.2  0.77 
~2.3  0.69 
t7.3  0.80~ 
Eri  FF  ]'P  H 
0.29  0.296  5.~  35  142 
0.27  0.236  144 
0.67  0.25  146 
0.26  0.29  150 
P  UV  Time 
XI.  Firs| bleeding 
5  1  0.74  0.23 
~ 23.6 
6  i  62  (712)  45.5  7.85 
7  74  16.8  2.6 
I 
i 
ffI. First infusion 
of blood 
8  ]366  200  240  36.1 
i  9  ]~57  179  213  37.3 
10  ]199  128  139  34.5 
11  ~178  135  129  39.7 
I 
IV. Second bleeding 
12  2  --  1.2  0.41 
13  :  --  --  0.35  0.14 
i 
0.72  0.00  0.31  39  70 
0.73  0.01  0.17  5.4  tl  86-90 
0.71  0.035  0.15  5.~  40  60 
0.656  0.18  0.15  5.C  ~3  70-120-104 
0.466  0.20  0.17  t2  110-125 
0.695  0.269  0.25  ~2  130 
0.725  0.294  0.31  6.1  ~1.5  130-135 
0.59  --0.04  0.34  5.2 43  62 
0.00  --0.04  0.40  44  60 
V. Second lnfuslon 
o/blood 
14  --  --  ]  1 
15  174  93  9 
16  143  93 
i 
17  109  94 
13.9  3.28  --0.11  --0.03  0.24  5.7 44  65-120 
99.1  19.9  0.57  0.214 0.20  100-120 
101.7  28.9  0.71  0.28  0.28  5.~  t3.5  125 
85.6  33.0  0.78  0.35  0.39  126 
Remarks 
mln. 
19.75  On the same dog as Experiment 6 bt 
10.5  18  days  afterwards.  The  eond 
tions of the experiment differ only 
in that  after withdrawing  the  w 
nous sample of period 1, the  rein 
vein was exposed  for greater  ea.~ 
in  subsequent  sampling  at  th 
beginning  of  period  3 
23.5  Bracketed  values of plasma flow m 
13  considered  grossly inaccurate,  e.i 
in  period  3,  possibly  because 
transient  changes  incident  to  e~ 
posure of the renal vein 
16.2~  Bled 370  cc. in 8 rain.  Pressure fe 
12.25  to 40 ram. Hg and was restored 
12.5  60 to 70 ram. Hg during the remslz 
ing interval between  urine  collel 
tions,  which  totalled  27.5  mh 
Three  samples  each  of  urim, 





Intrs-arterial  infusion  of  565,cc. 
blood,  beginning  with  period 
under  100  mm. Hg pressure  st 4 
cc. per min.; pressure increased 
120  ram.  Hg  and  the  infuslc 
finished at 2 mln. in period 9.  For 
samples of urine, 4 each of arterll 
and renal venous blood 
22 
22 
Bled 455 cc. in 15 mln.; total interw 
between  collection  of  urine  25 
min.  Two samples each  of urinq, 
arterial,  and  renal  venous  bloc 
during hypotension 
12.25  Intra-arterial  infusion  of  500  cc. 
20  blood  from 1 minute  of period 
21  for  14 min.,  i.e.,  until  3  min. 
period  15.  There  followed  collel 
tion  of  4  samples  each  of  urim, 
arterial,  and  renal  venous  bloo~ 
Infusion pressure,  120 nun.  Hg 
20  Dog sacrificed by hemorrhage at en 
of experiment 212  tIYPOTENSION 
if they are correlated with the associated and causal changes in renal blood 
flow.  Approximate  equality of plasma  diodrast  clearance  and  renal plasma 
flow to excretory tissue has been postulated in normal human beings by Smith, 
Goldring,  and Chasis  (1938) and such a relation established in unanesthetized 
dogs with single subcutaneously explanted kidneys by White and Heinbecker 
(1940),  and  Corcoran,  Smith,  and  Page  (1941).  This,  and  other  relation- 
ships of clearances with plasma flow, are derived from simultaneously observing 
clearances  and renal  extraction ratios  (ratio  of arterio-venous difference)  by 
TABLE  III 
Experiment &--Body Weight 136 Kilos, Uninephrectomized and Right 
Kidney Subcutaneously Explanted in 1940 
Period  RPF__~  RPF  I 
I. Control  in#er¢al 
1  270  216 
2  251  190 
II. First bleeding 
4  2.3  2.1 
5  19.6  17.3 
~III. Second  bleeding 
6  9.8  12.9 
7  --  -- 
8 
IV. Raurnofblood 
9  0.5  0.33 
10  48.4  27.7 
11  --  (510) 
205  57 
192  49.7 
1.66  0.45 
12.66  1.76 
4.9  0.89 
°j3  :2020 
0.131  0.02 
12.3  1.58 
103  12.24 












0.262[0.26  154 
0.22  0.27:50 
o  to  o14  i81 
i 
I 
0,069 0.18  47 
! 
I 
--0.26  0.24  43 
-1.66  0.18  43 
0.06  0.15  46 
0.057  0.128  47 
0.024 0.12  53.5 
UV Time 
160  0.4  . 
160  0.3 10.0 
70  *  18.5 
70  *  18.0 
87-6{]  *  15.28 
60-55  *  17.5 
55-67  *  14.75 
57-14  *  19.5 
140-15  *  14.0 
150-15  0.6 21.25 
I 
Remarks 
Two  control periods;  2 
samples  each of arterial 
and renal  venous blood 
Bled 400 cc.: interval be- 
tween  urine  samples 2  and 
3, 15.75  rain. Two sam- 
ples each of urine, arte- 
rial, and  renal venous 
blood 
Bled 30 cc. in an interval of 
3.5  rain.  between  periods 
5 and 6 
Venous pressure decreased 
by  4  cm.  of  water  in 
periods 7 and 8 
Blood  returned  intrave- 
nously  (570 cc.) during 
period  8.  Venous  pres- 
sure  increased only  to 
control  level 
the  method  of Van  Slyke,  Rhoads,  Hiller  and  Alving,  (1934).  The  rapid 
adjustments imposed on the renal  circulation by bleeding, hypotension,  and 
transfusion  demand  that  the  relation  of  clearance  and  plasma  flow  be  re- 
examined under such conditions by consideration of the accompanying changes 
in plasma extraction.  This was done in Experiments 6, 7, and 8. 
Renal plasma flow, calculated from inulin  clearance  and extraction ratio, is 
taken as the point of reference (except as indicated below) because of the purely 
hydrostatic transfer  of inulin  from plasma  to urine  through  the glomerular 
capillaries in contrast to the complex transfer of diodrast from plasma, to some 
extent from red blood cells, through interstitial fluid and tubular cells to tubular A.  C.  CORCORAN  AND  IRVINE  H.  PAGE  213 
content.  Hypotension greatly decreases inulin extraction, and, in considering 
disparities in calculated renal plasma flow, allowance should be made for minor 
errors in the measurement of inulin concentration which, with small arterio- 
venous differences, may greatly have affected apparent plasma flow.  Diodrast 
extraction decreases by more than 10 per cent (Experiments 6, 7, and 8) with the 
onset of hypotension and the relationship between diodrast clearance and true 
renal plasma flow is proportionately disturbed, as is also the significance of fil- 
tration fraction, which thus loses its equivalence to inulin extraction and to 
effective intraglomerular pressure.  As hypotension persists or is increased the 
clearances fail as glomerular filtration ceases.  Although the tubular cells may 
still extract diodrast at this time (Experiment 7, period 5) diodrast extraction 
is usually greatly impaired (Experiment 8).  Such failure developed more con- 
sistently after the second bleeding. 
The outline of Experiment 8 differed in that it consisted after the control 
periods in two decrements of arterial pressure, respectively to 70 and 60 ram. 
Hg at each of which stages observations were made of clearance and extraction. 
For reasons which were not apparent, this dog's renal plasma flow was severely 
decreased at an arterial pressure of 70 ram. Hg and failure of renal extraction 
developed at 60 mm. Hg.  Paralleling this untoward course of the experiment 
was an unusual darkening of the femoral venous blood and a difficulty in samp- 
ling  it  which  suggested  decreased  peripheral blood flow.  The condition re- 
sembled that of other dogs after a second or third bleeding and will be referred 
to below in that connection. 
No differences in the clearance responses were obsel-ved between animals with 
normally innervated and those with denervated kidneys. 
Hematocrit index rose at first and fell later in 5 experiments (Nos. 1, 3, 4, 6, 
and 7).  It did not change in one animal (No. 5) whose index was only 30 per 
cent; it decreased in one splenectomized subject (No. 2).  Total plasma protein 
content was initially decreased by bleeding in the three experiments in which it 
was measured (Nos. 1, 6, and 7). 
The ratio of creatinine/inulin clearance showed no significant variation from 
unity in the one experiment in which it was observed (No. 1). 
First Return of Blood to the Circulation.--The blood that was returned to the 
circulation did not completely replace all that had been taken from the animals 
in  Experiments  1 to 5  inclusive since the  blood samples  taken for analysis, 
each about 8 cc., were lacking.  Thus, in Experiment 1, net blood loss after 
the first return of blood was 35 cc. and after the second, was 90 cc.  Similar 
ratios were preserved in other experiments. 
The observations made in dog 8 will be considered separately.  In the other 
dogs with normally innervated kidneys (Experiments 1, 2, 6, and 7) rapid in- 
fusion of blood into the femoral artery restored arterial pressure and was ao 
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minutes,  far  exceeded  any  observed  during  the  control  observations.  In 
contrast, diodrast clearance increased slowly in dogs with bilaterally denervated 
kidneys (Nos. 3, 4, and 5), and in one (No. 3) failed to reach the control level 
during subsequent observation.  Inulin clearance, unlike that of diodrast, only 
reached to or somewhat below control levels in Nos. 1, 2, 6, and 7.  In dogs with 
denervated kidneys it was restored still more slowly, either lagging behind the 
concurrent increase of diodrast clearance (Nos. 4 and 5) or, (No. 3) somewhat 
exceeding it.  Filtration fraction was greatly depressed by the disproportionate 
increase of diodrast clearance in dogs with innervated kidneys.  In these, as in 
the other dogs, filtration fraction usually increased as diodrast clearance fell and 
inulin clearance was maintained in the succeeding periods. 
The  increased diodrast  clearance during infusion of blood into dogs with 
normally innervated kidneys was  construed as  evidence of  renal  "reactive 
hyperemia" until the calculations of renal plasma flow from inulin clearance 
and extraction showed that hyperemia had not in fact occurred.  The clearance 
of diodrast was therefore not a measure of renal plasma flow in these dogs dur- 
ing and immediately after the increase of arterial pressure.  However, in dogs 
with denervated kidneys, both diodrast and inulin clearances were restored 
slowly or incompletely and roughly in parallel.  In these therefore, there is no 
reason to  suppose  that the normal relation of diodrast  clearance and renal 
plasma has been greatly altered.  Judging from Experiments 6 and 7, the nor- 
mal response to transfusion is an increase in plasma flow to a value near that of 
the control from which it may subsequently decrease  (Experiment 7).  The 
clearance values of dogs with denervated kidneys suggest that in them the 
normal return of renal plasma flow was slowed.  In Experiment 8 special condi- 
tions were encountered which, as noted above, resembled those of dogs after two 
or three phases of hypotension due to bleeding.  The blood pressure was rapidly 
and lastingly restored by transfusion (intravenous in this instance), but dio- 
drast and inulin clearance rose only slowly and diodrast extraction remained 
depressed. 
In four of the experiments the hematocrit index increased slightly; it was un- 
changed in one and fell in two.  Total plasma protein content was restored 
above the control level in Experiments 1 and 6; in Experiment 7 the concen- 
tration fell slightly. 
Urine volume rose roughly in proportion to the increase in clearance rate to 
levels of from 1 to 2 cc. per minute.  Allowing for the differences in clearance, 
no abnormality of the diuretic response was observed in dogs with denervated 
kidneys either during control periods, during hypotension, or after transfusion. 
IV. Second Bleeding.--The  volume  of  blood  withdrawn  to  establish  the 
second phase of hypotension was usually less than that required in the first part 
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level was also shorter.  For corresponding levels of arterial pressure, the clear- 
ances of inulin and diodrast were more depressed than after the first bleeding. 
There was again no difference in the responses of dogs with normally innervated 
and with denervated kidneys.  Hematocrit index did not increase in those dogs 
in which it had increased after the first bleeding; plasma protein content fell in 
the three experiments in which it was measured.  The change in extraction 
ratios was  similar to that  which  developed during  the first period of hypo- 
tension in  Experiment 6.  However, in Experiment  7  (as  in  Experiment 8) 
inulin extraction became "negative;" i.e., the inulin concentration in the venous 
plasma of the kidney exceeded that of arterial blood.  Diodrast extraction was 
also depressed.  In one period of Experiment 7 it ceased, while in two of Ex- 
periment 8 it became "negative." 
V.  Second Return of Blood.--A second infusion of blood was given into the 
artery in five, and intravenously, in two experiments.  There followed a  dis- 
porportionate increase of diodrast clearance in two instances  (Experiments 1 
and 6) without equivalent changes in inulin clearance.  In the other dogs re- 
storation of clearance was less complete.  Diodrast clearance fell later in the 
experiments in which it had abruptly risen and filtration fraction rose, so that 
the response in these dogs resembled that to the first infusion.  However, be- 
cause the restoration of clearances in normal dogs by transfusion was less marked 
than after the first infusion, the differences between normal dogs and those with 
denervated kidneys were less marked.  Urine flow increased with the clearance. 
The hematocrit index either increased slightly or did not change.  Total plasma 
protein  concentration did not  change.  One  dog  (No.  5)  died after a  rapid 
intravenous infusion which restored the arterial pressure briefly without affect- 
ing the diodrast or inulin clearances. 
VI.  Third Bleeding.--The observations in three dogs (Nos. 1, 2, and 3) con- 
form to those recorded after the second bleeding. 
One animal (No. 1) was given small doses of paredrine hydrobromide in an 
attempt to increase arterial pressure.  This was accomplished only briefly and 
in a small degree before pressure again fell.  Inulin clearance was increased by 
this treatment, as was urine volume, but diodrast clearance decreased.  The 
dog expired shortly after in shock. 
VII.  Third Return of Blood.--In Experiment 2, an intravenous third infusion 
of blood failed to restore arterial pressure or the clearance of diodrast and inulin 
as an equivalent intra-arterial second infusion had. 
In Experiment 3, the antisympatheticomimetic F 933 was given intravenously 
in an amount sufficient to depress the pressor response to adrenaline and an 
infusion of blood then given into the artery during continued slow administra- 
tion of F 933.  Transient increase of clearance and pressure resulted. 
Both dogs 2 and 3 died in shock 1 to 2 hours after the experiments had been 
completed. 216  HYPOI'EN  SION 
DISCUSSION 
I.  These  experiments  reveal  the  changes  in  renal  hemodynamics  which 
develop during serial stages of prolonged hypotension due to bleeding and the 
effect on these of blood transfusions. 
2.  They indicate the significance which can be attached to measurements of 
diodrast and inulin clearance during stages of decreased arterial pressure and 
after transfusion. 
3.  The observations in dogs with denervated kidneys suggest a marked differ- 
ence in the response of the renal circulation to transfusion of these as compared 
with normal dogs. 
4.  With prolonged hypotension there seems to develop renal vasoconstriction 
which is not relieved by transfusion and which is presumably the result of the 
activity of humorally circulating vasoconstrictor substances. 
5.  The changes observed in hematocrit index and total plasma protein con- 
tent as well as the effects of paredrine and F  933 will be reviewed.  Discussion 
will therefore fall under these headings. 
1.  Circulatory Changes in the Kidney.  Hypotension  and Response to Trans- 
fusion.--The observations in the dogs with subcutaneously explanted kidneys 
indicate the probable changes which developed in the renal circulation.  Briefly, 
with hypotension, renal  blood flow falls and  glomerular filtration  rate is dis- 
proportionately depressed because effective intraglomerular pressure decreases 
to reach zero at an arterial pressure of about 60 mm. Hg.  At this critical level 
glomerular filtration is arrested by the osmotic resistance of the plasma proteins 
and excretory function ceases, so that  observations of clearance and extraction 
no  longer measure  the  changes  in  renal blood  flow which  develop as  blood 
pressure is further  decreased.  We  have therefore made most of our observa- 
tions during hypotension at levels of pressure slightly greater than this critical 
point.  At these levels of arterial pressure, clearance  and extraction continue 
and  some  excretory function  is  preserved.  Indeed, very  slight  changes  of 
arterial pressure may cause wide changes of renal blood flow and excretion rate. 
It seems likely therefore that renal blood flow during hypotension is distributed 
unequally through the renal vascular bed, being greatest in sites of less resist- 
ance.  Thus, at a given low level of pressure a few nephrons are still perfused, 
still filter, and excrete and, at slightly higher levels of pressure, another larger 
group of nephrons whose vascular resistance is also low come into function. 
An unequal distribution of blood among the nephrons is also suggested by the 
decrease of plasma diodrast extraction in hypotension.  The reason for this is 
that it seems probable that, in hypotension, a few nephrons are still extracting 
diodrast nearly completely from the neighboring plasma and interstitial fluid 
(White and Heinbecker, 1940;  Corcoran, Smith, and Page, 1941)  in much the 
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This at least seems more likely that the assumption that diodrast secretion is 
evenly depressed throughout the kidney as blood flow falls. 
Measurements with the thermostromuhr have shown that the kidneys do not 
develop reactive hyperemia on the restoration of blood flow either after bleeding 
(Stierlen,  1937)  or after other procedures  (Enger, Linder, and  Sarre,  1938). 
Our observations of diodrast clearance during an initial transfusion in normal 
dogs seemed to contradict this finding and the reason for this discrepancy will 
be  discussed  below.  On  the  other  hand,  our  measurements  of  renal  blood 
flow  (Experiments 6  and  7)  confirm it and  show also  that,  during the hour 
following transfusion,  renal blood flow tends to  decrease  below  the  normal 
level to which it had been restored. 
Unknown conditions prevailed in Experiment 8 which brought on severe ex- 
cretory failure at a  relatively high level of arterial pressure (70 mm. Hg) and 
transfusion  was  only partially  effective in  restoring  renal  plasma  flow  and 
excretory function.  In these respects the response of this animal to bleeding 
and transfusion resembled that seen in other experiments during a  second or 
third  stage  of hypotension and  transfusion,  when excretory failure was  also 
more severe at equal levels of pressure, and its relief by transfusion was both 
delayed and deficient. 
2.  Significance of Clearance Measurement.--The interpretation of clearances 
in hypotension and after transfusion is considered apart from the corresponding 
and causal changes of renal circulation because clearance determinations may 
be  made  in  injured  human  beings,  where  these  experiments may aid  in  in- 
terpreting the results. 
Inulin clearance, as judged from the creatinine/inulin  clearance ratio  (Ex- 
periment 1), continues as a valid measure of glomerular filtration rate in hypo- 
tension.  Normally, and  under most  other circumstances, diodrast  clearance 
parallels and nearly equals renal plasma flow to functioning tissue.  In these 
instances  this  relationship  is  seriously disturbed  by  changes  in  diodrast  ex- 
cretion.  (a) Partitioning of renal blood flow in the kidneys during hypotension 
results in  decreased overall diodrast  extraction so that  diodrast  clearance is 
equal to a  lower fraction of renal plasma flow and,  when filtration ceases in 
areas which are still perfused, excretion of diodrast may stop without equivalent 
cessation of renal plasma flow.  As a  corollary of this, changes of clearance at 
very low levels of pressure greatly exaggerate the concurrent changes of renal 
plasma flow.  (b) In some renal areas filtration of inulin may cease while secre- 
tion of diodrast continues, much as Chambers and Kempton (1933)  observed 
with phenol red in  isolated tubules  of chick mesonephros.  Instances  of this 
are shown in Experiment 7 by overall renal excretion ratios, while it may have 
occurred in some areas of the kidney in other experiments without as great an 
effect on extraction ratio.  This secretion however does not influence diodrast 
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urine of this period.  The overall effect of the changes in excretion of diodrast 
by the kidney is that  at low levels of pressure  (50 to 60 ram.  Hg)  diodrast 
clearance loses any significant relationship to renal plasma flow and, at slightly 
higher levels of pressure  (60 to  70 ram.  Hg)  represents a  somewhat smaller 
proportion of renal plasma  flow than it normally does.  As a  corolllary, fil- 
tration fraction (inulin/diodrast  clearance ratio)  is deceptively increased by 
hypotension in relation to the inulin extraction ratio and relative intraglomeru- 
lar pressure.  Thus  the  coincidence of decreased diodrast  clearance and  in- 
creased or maintained filtration fraction in hypotension might be interpreted as 
evidence of efferent arteriolar  constrictions were  it  not  for the  information 
derived from the studies of extraction. 
An  opposite  and  greater  discrepancy  in  the  relation  of  plasma  diodrast 
clearance to renal plasma  flow appears immediately during transfusion  (Ex- 
periments 6 and 7, parts III and V, probably also Experiments 1 and 2, part 
III).  Here diodrast clearance increases out of proportion to renal plasma flow. 
This deceptive "overshooting" of diodrast clearance is, of course, due to ex- 
cretion of diodrast in the urine of this period from sources other than the blood 
which perfuses the kidney at this time.  4  The extra diodrast seems to come from 
two sources: (a) by washing out of diodrast secreted but not excreted during 
hypotension, by reestablishment of filtration, and (b) by secretion of diodrast 
accumulated in interstitial fluid.  That interstitial fluid might provide a large 
amount of diodrast seems possible because during hypotension its movement as 
lymph is suspended, while the concentration of diodrast in plasma is rising be- 
cause  of decreased excretion.  The concentration of urea  in  renal  lymph  is 
known  to  exceed that  of  arterial blood  (Sugarman,  Friedman, Barrett,  and 
Addis, 1943) and that diodrast and inulin may be similarly concentrated in the 
renal interstitial fluid.is indicated by the "negative" extraction ratios of these 
substances  which  we  observed  in  Experiments  7  and  8.  Such  addition  of 
diodrast  or  inulin  to  the  renal venous blood can hardly occur except by a 
partial equilibrium with diodrast contained in interstitial fluid.  Indeed, the 
shifting equilibrium between capillary and venous plasma and renal interstitial 
fluid with regard to diodrast content probably accounts for the incompleteness 
of diodrast extraction by 10 to 30 per cent at low plasma concentrations rather 
than the suggested passage of equivalent volumes of blood through non-excre- 
tory structure (Corcoran, Smith, and Page, 1941). 5 
4 It is of interest that a similar high diodrast clearance has been observed during a 
rise of blood pressure  due to injection of angiotonin in a patient going into syncope 
with orthostatic hypotension (Corcoran, Browning, and Page, 1942). 
5 The suggestion that the incompleteness  of diodrast extraction is also due to ab- 
normal entry of non-renal blood into the renal vein of the explanted kidney seems to 
us invalid for, besides Experiment 7, another one has recently been done in another 
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3.  Effect of Renal Denemation.--The pattern of changes in diodrast and inulin 
clearance induced by transfusion in normal dogs after a first phase of hypoten- 
sion was not observed in dogs with denervated kidneys  (Figs.  1 and 2).  Al- 
though  no determinations  of renal plasma flow were available in these dogs, 
there was no evidence of deceptive change in diodrast clearance, and in these 
dogs diodrast clearance does not "overshoot" as it does at times in normal dogs, 
so that its normal relationship to renal plasma flow is approximately preserved. 
Consequently  it  would  seem that  renal  denervation  results  in  exceptionally 
slow restoration  of renal blood flow and function by transfusion even after a 
first and short period of hypotension.  Denervation did not otherwise modify 
the response of renal function to hypotension and transfusion. 
4.  Participation of ttumoral  Vasoconstrictors.--In  similarly designed experi- 
ments Page and Abell  (1943)  have observed mesenteric vasoconstriction, and 
Page,  in  shock  due  to  trauma,  bums,  and  bleeding,  has  demonstrated  the 
presence of vasoconstrictor substances in peripheral blood by passing it through 
the perfused rabbit's ear.  In our experiments the usual failure of renal blood 
flow and function to be restored by a second or third transfusion after a second 
or  third  stage  of hypotension  indicated  that  renal  vasoconstriction had  de- 
veloped.  In normal dogs this vasoconstriction was not usually present after 
an initial period of hypotension, and it therefore seems likely that the presence 
of vasoconstriction  is  an  indication  of  impending  shock,  since  a  somewhat 
similar procedure of bleeding has been used to produce shock in dogs (Werle, 
Cosby, and Wiggers, 1942;  Kohlstaedt and Page, 1943).  That the responsible 
agent was humoral, not neurogenic,  is indicated by the similarity of response 
of  dogs  with denervated  kidneys.  Indeed,  in  these  latter,  the  presence  of 
vasoconstriction after an initial and  short period of hypotension,  testifies to 
increased  vasoconstrictor  sensitivity  of  the  renal  vessels,  owing  possibly  to 
adrenaline  liberated during the bleeding.  The nature  of the vasoconstrictor 
substance or substances which become effective later and seem to be associated 
increased by isolating the renal vein.  In both, blood was sampled close to the kidney, 
through a fine needle and with little suction.  In one experiment (No. 7) the kidney 
was removed at the end of the experiment, the renal artery perfused with a solution of 
heparin in physiological saline,  and then the renal vein was injected with a  radio- 
opaque mixture of  barium sulfate in  gelatin.  Neither dissection  nor radiography 
revealed more than a few anastomoses of stellate veins in the slightly thickened renal 
capsule,  while the completeness of the injection was shown histologically  by demon- 
stration of the mass in the glomerular efferent arterioles.  We therefore hold the view 
that the values of diodrast extraction observed in the control periods of this study 
and those observed by Corcoran, Smith, and Page  (i941)  are those of the kidney 
in silu and we go on to suggest  that the incompleteness of extraction is not due to 
shunting blood through non-excretory structures, but rather to a normal equilibrium 
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with shock remains unknown.  Apart from adrenaline, whose possible parti- 
cipation has been mentioned, angiotonin, the effector substance of the renal 
pressor system, may occur in blood at this time.  A homeostatic function of 
this system has been suggested at least in hypotension (Sapirstein, Ogden, and 
Southard, 1941; Hamilton and Collins, 1942; Huidobro and Braun-Menendez, 
1942),  and angiotonin is a  potent renal vasoconstrictor (Corcoran and Page, 
1940;  Herrick,  Corcoran,  and  Essex,  1941.  The  vasoconstrictor  substance 
observed in blood by Page during shock and impending shock is not angiotonin 
and, while its nature remains unknown, it must be presumed that its presence 
would also result in renal vasoconstriction.  Teleologically, the vasoconstric- 
tion which follows hemorrhage may serve to sustain blood pressure and flow in 
vital areas but, as the state of simple blood loss becomes complicated by im- 
pending shock, vasoconstriction may not only contribute to a  vicious circle, 
but, as in these experiments, may prevent the restoration of blood flow in such 
regions as the kidney. 
5.  Significance  of  Other  Observations.--The  changes  observed  in  plasma 
protein content and hematocrit index during hypotension due to bleeding and 
after  transfusion  are  similar  to  those  observed  by  others  (Price,  Hanlon, 
Longmire, and Metcalf, 1941; Beattie and Collard,  1942) and require no ex- 
tended comment.  In the one experiment  (No.  1) in which paredrine hydro- 
bromide was given to a dog suffering from blood loss and prolonged hypotension, 
we were able to increase arterial pressure only transiently, and renal plasma 
flow, as estimated from diodrast clearance, decreased while diuresis developed. 
The  absence  of  evident  restorative  value  of  paredrinol  in  shock  has  been 
reported (Stead and Ebert, 1941). 
The antisympatheticomimetic, F 933, did not release the renal vasoconstric- 
tion which persisted during a  third transfusion in Experiment 3.  The vaso- 
constriction is therefore probably not of sympatheticomimetic origin. 
The  oliguria which develops during hypotension seems to reflect the  dis- 
proportion which exists between the rates of decrease in filtration rate and renal 
plasma  flow  in  hypotension.  The  urine  flow during  and  after  transfusion 
nearly parallels the changes of inulin clearance and exceeds that rate of urine 
flow  which was  obtained in  control periods.  This actual  increase  of urine 
flow in proportion to the rate of glomerular filtration suggests that there may 
have occurred some damage to the ability of the kidney to concentrate urine, 
for in none of the experiments was plasma volume or other fluid increased above 
the normal.  From the clinician's viewpoint, the onset of sustained diuresis 
after treatment of hypotension with blood or plasma (but not with a substance 
such as paredrine)  may presage the restoration of glomerular filtration and 
renal circulation, for urine flow rises slowly or falls again in animals whose 
circulation is not restored by infusion owing to a condition of impending shock. 
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with denervated kidneys, after an initial stage of hypotension, it would appear 
that high spinal anesthesia may interfere with recovery of renal function in 
patients, such as those with crushing injuries of limbs, in whom its restoration 
to integrity may be of particular importance.  In connection with" the traumatic 
anurla of crushing injury (Bywaters and Beall, 1941) it is of interest that Dr. 
Beall has recently informed us that patients who go on to develop renal failure 
after crushing injury had from the outset failed to respond with the usual 
diuresis to restoration of arterial pressure with blood or plasma. 
SUMMARY 
1.  Renal blood flow is decreased by hypotension due to bleeding, and glomer- 
ular filtration rate  is disproportionately decreased.  After a  first 40  minute 
stage of hypotension at about 60 mm. Hg infusion of blood with  consequent 
restoration of the general blood volume and arterial pressure usually results 
in a return to normal of renal blood flow and function although renal blood flow 
subsequently tends to decrease.  The restoration of renal blood flow and func- 
tion is associated with an increase of urine flow above the control level. 
2.  Diodrast clearance loses its value as a  measure of renal plasma flow (a) 
during severe or prolonged hypotension, and (b) immediately after restoration 
of arterial pressure by infusion after a first stage of hypotension.  In the former 
case (a) it is decreased in consequence of decreased renal extraction of diodrast 
from blood which itself is presumably the result of distribution of renal blood 
flow through nephrons whose vascular resistance is low.  (b)  The disparity after 
transfusion is due to excretion of diodrast accumulated in the kidney tubules 
and, presumably, in the interstitial fluid during hypotension.  The presence of 
diodrast and inulin in the renal interstitial fluid explains the addition of these 
substances to renal venous blood observed in some of these experiments.  The 
shifting equilibrium  of diodrast  between  renal plasma  and  interstitial fluid 
may explain some of the instances of low diodrast extraction observed in these 
experiments during transfusion after hypotension, and may explain also the 
incomplete renal extraction of diodrast under normal conditions. 
3.  Dogs with denervated kidneys respond to blood transfusion and restora- 
tion of arterial pressure by a  disproportionately slow and incomplete return 
towards normal of renal clearance and, presumably, of renal blood flow.  On 
the basis of these facts it is suggested that high spinal anesthesia may interfere 
with recovery of renal circulation in cases of shock treated by transfusion. 
4.  Profound  or prolonged and  repeated  hypotension due  to  bleeding  de- 
creases the ability of normal and denervated kidneys of intact and anesthetized 
dogs to respond to transfusion and the restoration of arterial pressure by pro- 
portionately increased clearance and plasma flow, apparently because of renal 
vasoconstriction due to  the  release  of humorally circulating vasoconstrictor 
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Protocols.  Experiments  1 to 5 
Experiment/.--Normal dog weighing 14 kilos.  I.  Control interval of 30 minutes 
with 3 urine, 2 blood samples.  II. First bleeding of 500 cc. in 12 minutes with interval 
between last control urine and the first collected during hypotension of 20 minutes; 4 
urine, 2 blood samples in 47 minutes of hypotension.  III.  Infusion of 500 cc. of blood 
under  140  ram.  Hg pressure into the femoral artery in  17  minutes  (includes urine 
period 8 and part of 9).  Arterial pressure rose from 60 to 114 mm. Hg in 2 minutes 
and averaged 130 mm. I-Ig in period 8.  Four urine, 3 blood samples drawn before 
second bleeding.  IV.  Bled 290 cc. in 10 minutes with 15 minutes between urine col- 
lections.  Three urine, 2  blood samples in hypotension.  V.  Infusion of 290  ec.  of 
blood into the femoral artery in 8 minutes under 100 mm. Hg pressure.  Arterial pres- 
sure rose in 1 minute from 70 to 112 nun. Hg.  Four urine, 3 blood samples during 
subsequent intervals of restored pressure but in the last of these periods the femoral 
venous blood was noted to be increasingly dark.  VI.  Third bleeding.  325  cc.  of 
blood withdrawn in 15 minutes of 17 minute interval between urine collections, and 3 
urine, 2 blood samples in ensuing hypotension.  VII.  Paredrine hydrobromide (1.3 
per cent solution) given intravenously in successive doses of 0.2 cc. totalling 2.2 cc. 
during urine collection periods 22, 23, 24, which totalled 28 minutes.  VIII.  Net blood 
loss at end of experiment, 470  cc.  The  three periods of hypotension totalled 130 
minutes.  The  dog died shortly after  the last observation was  completed and  at 
autopsy  showed  minute  hemorrhages  into  the  endocardium  and  gastro-intestinal 
tract. 
Experiment 2.--Normal dog, 10.4 kilos body weight.  A "mock" renal denervation 
had been performed 10 days before at which time also the spleen had been removed. 
I.  Control interval, 30 minutes, 3 urine, 2 blood samples.  II.  First bleeding of 175 
cc. in 7 minutes; interval of 24.5 minutes between urine collections.  The urine of the 
4th period was lost at the end of 10.75 minutes of collection; periods 5 and 6 totalled 
30.5 minutes.  III. Infusion of 175 cc. of blood into the artery in 7.25 minutes from 
the start of period 7 (duration 10 minutes) under 100 ram. Hg pressure.  Pressure rose 
in less than 2 minutes to a level of 90 ram. Hg.  Four urine, 3 blood samples during 
subsequent interval of restored pressure.  IV.  Second bleeding, 100  cc.  withdrawn 
in 3 minutes with interval between urine collections of 9.5 minutes, 3 urine, 2 blood 
samples in ensuing hypotension.  V.  Infusion of 100 cc. of blood into the artery under 
100 mm. Hg pressiare in 4.5 minutes from the start of period 14.  Pressure rose in less 
than 2 minutes to 94 mm. Hg and 4 urine, 2 blood samples subsequently collected. 
VI.  Third bleeding of 200 cc. in 4 minutes; interval between urine samples 17.25 min- 
utes.  During hypotension 3 urine, 2 blood samples collected.  VII.  Third infusion 
of blood, 200 cc. given intravenously in 8 minutes from the start of urine collection 21. 
Pressure rose in the first 4 minutes to 90 mm. Hg where it was maintained while 3 
urine, 2 blood samples were drawn.  VIII.  The subject died in shock 2 hours after the 
completion of the experiment.  The net blood loss had been 130 cc. and total duration 
of hypotension 108 minutes. 
Experiment 3.--Dog weighing 11 kilos, both of whose kidneys had been denervated 
8 days before.  I.  Control interval 30 minutes, 3 urine, 2 blood samples.  II.  First 
bleeding.  Bled 200 cc. in 5 minutes with 16 minute interval between urine collections. 
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100 cc. at end of period 4, 120 cc. at end of period 5, 80 cc. at end of period 6.  III.  In- 
fusion of 500 cc. of blood into the artery in 13 minutes from the start of period l0 and 
under an infusion pressure of 80 mm. Hg, increased to 100 ram. Hg after 5 minutes. 
Arterial pressure rose from 60 to 92 mm. Hg at end of 5 minutes infusion, thence to 
110 mm. Hg.  Four urine, 2 blood samples during phase of restored pressure.  IV. 
Second bleeding of 200 cc. in 2 minutes, then 50 and 20 cc. at 2 minute intervals to 
total  320  cc.  Interval  between  urine  samples  38  minutes.  Two  blood,  3  urine 
samples.  V.  Infusion of 320 cc. of blood into the artery in 8 minutes from the start of 
period 17 under 120 mm. Hg pressure.  Arterial pressure rose from 60 to 118 mm. Hg 
in 8 minutes and was maintained at 114 mm. Hg for 2 minutes.  Four urine, 3 blood 
samples.  Epinephrine (1  cc.,  1/10,000)  given intravenously and increased pressure 
74 mm. Hg.  F  933 given intravenously in dose of 2 mg. per kilo in 7 minutes with 
initial depressor effect.  Epinephrine then increased pressure 16 mm. Hg.  VI. Third 
bleeding of 250 cc.  in 6 minutes with 20.5  minute interval between urine samples. 
Epinephrine caused 10 ram. Hg rise in pressure.  F 933 given slowly by intravenous 
infusion; 2 urine, 1 blood sample.  VII.  Infusion of 250 cc. of blood for 7 minutes of 
period 23.  Infusion pressure 80 ram. Hg and arterial pressure rose from 50 to 80 to 1  l0 
mm. Hg in 7 minutes to fall back to 70 mm. Hg in the last minute of period 23.  Two 
urine,  1 blood sample collected; then interval of 34 minutes with collection, during 
which F 933 infusion was discontinued.  Then one urine and one blood sample taken. 
Arterial pressure at this time 100 mm. Hg.  VIII.  Net blood loss 140 cc.; total dura- 
tion  of  hypotension,  147  minutes.  Dog  died  in  shock  3  hours  after  completing 
experiment. 
Experiment 4.--11 kilo dog with both kidneys denervated l0 days before the experi- 
ment.  I.  Control interval of 30 minutes, 3 urine, 2 blood samples.  II.  First bleed- 
ing: bled 240 cc. in 12 minutes; interval of 24 minutes from end of period 3 to beginningl 
urine collection 4.  Subsequently, during hypotension, 4 urine, 2 blood samples.  III. 
Infusion of 240  cc. of blood into the artery in 4 minutes from beginning of period 8. 
Infusion pressure 100 mm. Hg and arterial pressure rose in 1 minute from 54 to 90 mm. 
Hg, falling to 82 as infusion discontinued.  Four urine, 3 blood samples during phase 
of restored pressure.  IV.  Second bleeding of 290  cc. in 8 minutes with  18 minute 
interval between urine collections.  During hypotension, 3  urine,  2  blood samples. 
V.  Intravenous infusion of 290 cc. of blood in 11 minutes with increase of arterial pres- 
sure in 4 minutes from 65 to 116 mm. Hg during urine collection 15.  Four urine, 3 
blood samples drawn before terminating  experiment.  VI.  Net  blood  loss  110  cc. 
total duration of hypotension 83 minutes.  Dog died in shock 12 hours after complet- 
ing experiment. 
Experiment 5.--Dog weighing 7.3 kilos both of whose kidneys had been denervated 
8 days before the experiment.  I.  Control interval of 30 minutes with 3 urine, 2 blood 
samples.  II.  First bleeding of 200 cc. in ll minutes; interval between urine samples 
20 minutes; 4 urine, 2 blood samples during hypotension.  III.  Infusion of 200 cc. of 
blood into the artery in 8 minutes from the beginning of period 8 and under 100 mm. 
Hg infusion pressure.  Arterial pressure rose in less than 2 minutes from 62 to 108 mm. 
Hg; 4 urine, 3 blood samples during phase of restored pressure.  IV.  Second bleeding 
of 150 cc. in 3 minutes with 12.25 minute interval between urine collections; 3 urine, 
2 blood samples during hypotension.  V.  Infusion of 175  cc. of blood intravenously 224  mn'O~NSlON 
in 5 minutes of period 15.  VI. Animal died at the end of the period, apparently from 
heart failure due to rapid intravenous infusion,  since venous pressure rose rapidly. 
The net blood loss was 95 cc. and total duration of hypotension, 104 minutes. 
Dogs 4 and 5 were smaller than the others and consequently less blood could be 
withdrawn in reducing arterial pressure; however the recent operation seemed also to 
have increased their sensitivity to blood loss. 
The authors wish  to acknowledge  their appreciation of the  able  assistance  of 
Mr. Truman Woodmansee. 
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